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Objective: to determine whether interventional treatment of type II endoleaks leads to a decrease in aneurysm surface
area.
Material and Method: type II endoleaks were detected in a group of 14 male patients (median age: 70.2 years) following
endovascular repair of a total number of 160 infrarenal aneurysms of the abdominal aorta. The surface area of the aneurysm
was determined by computed tomography (CT) pre- and postoperatively and at subsequent follow-up examinations. If
type II endoleaks were documented at CT, patients underwent treatment by means of coil embolisation.
Results: interventional treatment resulted in successful occlusion of type II endoleaks in eight patients. One of the cases
exhibited spontaneous occlusion. Occlusion was associated with an average decrease in aneurysm surface area of 3.3 cm2
(p=0.01). In one of these patients, treatment resulted in a temporary occlusion of the endoleak, also with associated
decrease in aneurysm size. After recurrence of the type II endoleak, however, the patient experienced an increase in
aneurysm surface area. In the remaining four patients the type II endoleaks persisted, resulting in a non significant
increase in aneurysm surface area.
Conclusion: only complete occlusion of endoleaks results in decrease in the size of the aneurysm sac. Because of
endotension and the risk of rupture we favour an early interventional treatment of type II endoleaks.
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Introduction persistent endoleak, there is general consensus re-
garding the necessity of treatment in type I and type
Endoleaks are defined as persistent blood flow within III endoleaks as well in cases of increases in the surface
area of the aneurysm associated with all types ofthe aneurysm sac despite implantation of an endograft
prosthesis. This complication is reported in 2–47% of endoleak.5,9 Treatment options range from coil em-
bolisation and implantation of additional stents orpatients undergoing endograft procedures.1–4
Based on the classification proposed by White et al., cuffs to conversion to open surgical repair. The ques-
tion remains whether endoleaks resulting from ret-endoleaks can be assigned to four main groups5–8
(Table 1). rograde perfusion of the aneurysm sac via spinal or
mesenteric vessels (type II) should undergo inter-Because of the potential for rupture in cases of
ventional therapy.10–12
Table 1. Classification of endoleaks.6–8 The objective of the present study was to determine
whether changes in aneurysm surface area followingType Definition
therapy of type II endoleaks permitted conclusions
I Perigraft leaks: persistent blood flow at either the regarding the interventional treatment of endoleak in
central or distal graft end due to inadequate sealing of these patients.the prosthesis.
II Retrograde perfusion of the aneurysm sac via spinal
vessels or the inferior mesenteric artery.
III Midgraft leak resulting from disconnection of modular
systems or from graft defects. Material and MethodsIV Graft-porosity leaks caused by contrast medium
diffusion in the early phase.
From September 1995 to January 2000 a total of 160
patients underwent implantation of endograft pros-
theses for repair of infrarenal aneurysms of the ab-
∗ Please address all correspondence to: F. Liewald, Department of dominal aorta (AAA). Of these patients, 14 (all males,Thoracic and Vascular Surgery, University of Ulm, Steinho¨velstraße
9, 89075 Ulm, Germany. average age: 70 years) developed type II endoleaks
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Table 2. Clinical data of patients with type-II endoleaks. (Postoperative surface area was measured at days 3–5 postoperatively. Final
examination was performed at 6–36 months postoperatively – median follow-up period: 18 months.)
Patient Source of the endoleak Clinical Interventional Preoperative Postoperative Surface area at
number course result surface area in surface area in final follow-up
cm2 cm2 examination in
cm2
1 Iliolumbar ce Successful 23.3 22.8 23.3
2 Lumbar s Successful (s) 18.9 19.2 17.7
3 Lumbar ce Successful 16.9 17.7 12.2
4 Median sacral r Successful 16.6 16.3 15.5
5 Inferior mesenteric artery r Successful 19.6 20.8 19.6
6 Lumbar ce Successful 18.9 20.0 10.7
7 Lumbar ce Successful 20.4 20.4 17.7
8 Inferior mesenteric artery ce Successful 35.7 34.1 27.2
9 Lumbar r Successful 22.3 25.2 21.0
10 Iliolumbar r Recurrent 19.9 18.8 18.4
11 Inferior mesenteric artery r Unsuccessful 17.6 17.3 18.1
12 Lumbar r Unsuccessful 17.3 18.5 19.2
13 Lumbar (type II) and at distal r Unsuccessful 28.7 30.6 29.2
anchoring site (type I)
14 Lumbar ce Unsuccessful 12.6 12.6 14.6
s=spontaneous resolution; r=recurrent application of coil embolisation; ce=coil embolisation.
∗ In this patient, a type-II endoleak was successfully occluded; the patient later experienced another, secondary type-II endoleak.
Table 3. Type of used stentgrafts. cephalad end of the stentgraft to differentiate proximal
perigraft leaks. Finally, both internal iliac arteries (10-Type of used Patient number Device
stentgraft configuration ml manual injection of contrast) and the superior
mesenteric artery (25 ml of contrast infused at 5 ml/
Vanguard 1, 4 Bifurcated
s) were selectively visualised. If the selective cath-Talent 3, 6, 8, 9, 10, 13 Bifurcated
Corvita 2 Bifurcated eterisation of the contralateral internal iliac artery
Gore excluder 5, 11, 12, 14 Bifurcated proved unsuccessful, angiography was repeated the
AneuRx 7 Bifurcated
next day from the contralateral side. Using this pro-
tocol, if reperfusion of the aneurysmal sac from the
superior mesenteric artery (SMA) through the IMA(8%). In 13 patients only type-II endoleaks were ob-
was identified on CT and confirmed on angiography,served, while one other (no. 13) suffered from a com-
then an attempt to embolise the endoleak was made.bined endoleak (types I and II) (Table 2).
The SMA was catheterised with a 5-F catheter (CobraFive different endograft prostheses were used (Table
or Sidewinder) and 2500 units of heparin were ad-3). The first attempt at treatment of persistent type-II
ministered intra-arterially to avoid arterial thrombosis.endoleaks was made 3 months following implantation
Then a Tracker 18 (Rehaforum, Cologne, Germany)of the endograft prosthesis. Follow-up examinations
or Rapid Transit (Cordis, Haan, Germany) coaxialfor determination of aneurysm surface area and de-
catheter was advanced to the leak and 2- to 8-mm-tection of endoleaks were performed at 3-monthly
diameter metal coils (Boston Scientific, Hilden, Ger-intervals using contrast enhanced computed tomo-
many) were delivered. As a rule, the guidewire re-graphy (CT) imaging (Elscint, Twin, Haifa, Israel). In
commended by the catheter company was used, but10 patients the type II endoleaks were first diagnosed
in very tortuous arteries the very flexible 0.016-inby the first postoperative CT. Patient nos 1, 8, 14
Terumo guidewire (Terumo, Frankfurt, Germany) wasrevealed a type II endoleak with the CT control after
advantageous. Moreover, embolisation of the entire3 months. With patient no. 3 an endoleak could be
aneurysm sac to the site of entry is advised to preventdetected by the first postoperative CT, which could
persistent leak from communicating lumbar arteries.not be seen any more with 3-month control. After 6
In patients with leaks supplied by the lumbar arteries,months the endoleak was evident again, so that a final
the vessels’ small diameters precluded a direct ap-coil embolisation resulted in occlusion of the endoleak.
proach to the feeding artery. In such leaks the collateralIn cases of persistent endoleak, patients underwent
vessel of the iliolumbar artery was occluded withintra-arterial digital subtraction angiography (DSA) in
minicoils from the internal iliac artery as peripherallyorder to identify the feeder vessels. This was followed
as possible.11,12by angiography with a Cobra or Sidewinder catheter
(Boston Scientific, Hilden, Germany) positioned at the For each patient a total amount of 5 until 31 coils
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was necessary to close the endoleak. Seven patients
underwent recurrent interventions. The time for inter-
ventional therapy was usually 60–75 min and did not
exceed 90 min.
The surface of the aneurysm was measured on a
workstation using the axial CT slice that diplayed the
greatest sac dimensions. It was defined as an ellipsoid
surface with the longest diameter of the aneurysm
being the major axis (D1) of the ellipsoid, whereas the
diameter perpendicular to it was used as the minor
axis (D2). The surface was calculated according to the
formula: ×D1/2×D2/2. All aneurysms were re-
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Changing aneurysm morphology after endovascular
repair: relation to leakage
garded as having an ellipsoid shape to simplify the
Fig. 1. Postoperative surface area was measured at days 3–5 post-
calculation. operatively. Final examination was performed at 6–36 months post-
operatively – median follow-up period 18 months. (Η) SuccessfullyEvaluation of measurements was performed using
treated leakage (n=9); (Φ) persistent leak (n=5). p=0.01.the log-rank test for p=0.05. Measurements were per-
formed by two independent radiologists. The median
treatment of endoleaks proved unsuccessful was stat-follow-up period was 18 months.
istically significant (p=0.01; Fig. 1). The increase in
surface area in patients with persistent leaks was
not significant (p=0.67). There was no complicationResults
related to the embolisation procedure.
Definite occlusion of patients’ endoleaks was possible
in nine of 14 cases of type II endoleak (group I). One
of these cases exhibited spontaneous occlusion, while Discussion
in the remaining eight patients the endoleaks proved
amenable to coil embolisation. In one patient (no. 10), The primary goal of every definitive treatment of
occlusion of a type II endoleak was initially successful, aneurysms is to protect the patient from death sec-
with concomitant decrease in the surface area of the ondary to rupture. Findings assembled to date through
aneurysm sac from 19.9 to 17.7 cm2. After 6 months, the Eurostar Data Program show that both the in-
however, a secondary type II endoleak was observed, cidence of endoleaks and increases in the diameter of
with an increase in aneurysm surface area from 17.7 the aneurysm sac correlate positively with the risk of
to 18.4 cm2. rupture of aortic aneurysms which have been treated
In the remaining four cases (group II), patients’ with endograft implantation.13 The risks associated
endoleaks persisted despite attempts at interventional with type I and type III endoleaks appear to be more
therapy. Three of these patients underwent multiple significant. With regard to type II endoleaks, both our
interventional attempts. own findings and those reported in a study by Resch
In patients with complete occlusion of their en- et al. suggest that while there may not be any significant
doleaks (group I), CT follow-up examinations revealed increase in aneurysm diameter or surface area, there
a significant average decrease in aneurysm surface is also no reduction.14 In our opinion, however, one can
area from 21.4±5.5 to 18.1±5.2 cm2 (p=0.01). The only speak of satisfactory repair of an aortic aneurysm
respective median values stood at 19.6 (range: 16.5– when reduction in the diameter or surface area of
35.2) and 17.7 (range: 10.2–27.2) cm2 (p=0.01) after a the aneurysm can be demonstrated. There are three
median 18-month follow-up period. reasons for considering a reduction in the size of
In group II, which consisted of patients in whom the aneurysm sac to be the most reliable criterion of
complete occlusion of the endoleak proved impossible, success:
we observed an average increase in the surface area
of patients’ aneurysms from 19.1±5.9 to 20.3±5.4 cm2 (1) Endoleaks may sometimes escape detection, par-
ticularly in those cases in which there is no dem-(p=0.67 not significant). The respective median values
increased from 17.5 (range: 12.6–28.7) to 18.7 (range: onstrable outflow phenomenon.
(2) Based on Laplace’s Law, it is primarily the pressure14.6–29.2) cm2.
The difference in changes in the surface area of (endotension) and not the flow within an aneurysm
sac which is responsible for increases in size.14patients’ aneurysms between the group with suc-
cessfully treated type II endoleaks and those in whom (3) Long-term observations reported by Resnikoff et
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al.16 have shown that, among patients in whom an guided puncture of the aneurysm in one patient
proved unsuccessful.AAA was treated with an aorto-iliac bypass and
occlusion of the aneurysm sac, those patients with An alternative to coil embolisation could be the
intraoperative insertion of an absorbable gelatinouscontinued perfusion of the aneurysm sac via col-
lateral feeder arteries and no decrease in aneurysm sponge into the aneurysmal sac via the occluder in-
troducer sheath.16diameters exhibited a high risk of rupture. In a
group of 831 patients, persistent endoleak was The only type of embolisation material used in
our series was metal coils. Although metal coils areobserved in 2% of cases; of those patients with
persistent endoleak, fully 40% eventually ex- expensive and must sometimes be used in large
amounts (up to 31 coils have been required in ourperienced rupture.
patient series), other techniques, including the use of
All of these findings underscore the importance of tissue adhesives, are associated, in our opinion, with
adequate therapy of leaks and documentation of re- a greater risk of neurological complications.
ductions in aneurysm surface area by means of regular In conclusion, findings in the present study under-
follow-up. In our series of 14 patients with type II score the significant reduction in aneurysm surface
endoleaks, successful occlusion was possible in eight area in patients in whom type-II endoleaks are suc-
cases (plus one patient with spontaneous closure). cessfully treated using interventional techniques.
This was associated with a significant reduction in Long-term results will show if the reduction in the
aneurysm surface area. size of the aneurysm sac can be considered to be a
In one of these patients we observed a spontaneous definite criterion for the success of endograft repair of
occlusion within 3 months. This possibility of spon- infrarenal aneurysms of the abdominal aorta, in order
taneous occlusion might prompt the question of to avoid a rupture.
whether our policy of aggressive treatment of en-
doleaks may actually represent “overtreatment”. On
one side the possible limitations of our study include
minimal errors in surface area calculation in aneurysms References
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